Herb Phyllanthus niruri (P. niruri) is known to have various pharmacological functions including anti-diabetic properties. In this research, protein extracts from different plant parts (leave, fruit and stem) of P. niruri were investigated for their anti-diabetic potential through α-amylase and α-glucosidase enzyme inhibition assays. For the enzyme inhibition assay, fruit was found to have the highest inhibition percentage (90.0%) against α-glucosidase followed by leave (62.6%) and stem (38.4%). The similar patterns were also recorded for the α-amylase enzyme inhibition assay, in which, fruit showed the highest inhibition percentage (64.1%) followed by leave (33.3%) and stem (18.2%). The findings of this research suggest that fruit of P. niruri is a potential plant part with regards to antidiabetic properties since it exhibits the highest inhibition activity against both α-amylase and α-glucosidase enzyme compared to leave and stem.
INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disorder involving malfunctioning of the endocrine system and it is becoming the third world killer. DM can be classified into two types which are type 1 (insulin deficiency) and type 2 (insulin resistance) [1] [2] [3] . The World Health Organization reported that 347 million worldwide are suffering from DM and by the year 2030, WHO foresees that death cause by DM will be doubled up from the statistical records in the year 2005. Currently, many anti-diabetic drugs are available in the market such as sulfonylureas, biguanides and glinides [2] . Unfortunately, upon consuming, these drugs are showing toxicity effects and lead to other health complications to the patients. As an alternative and more natural approach, various medicinal plants have been used as the source of remedy including P. niruri. P. niruri, locally known as "dukung anak" is a herbaceous plant belongs to Euphorbiaceae family. It originates from India and widely distributed in tropical climate. This plant grows well in moist, shady and sunny area. It is well known for having a great potential of nutraceutical and medicinal values. In Malaysia, P. niruri is traditionally used as hepatoprotective, anti-hypertentive and diuretic medicinal plant to treat jaundice, genital urinary infections and diarrhea [4] [5] [6] . A lot of researches have been done on P. niruri and proven that extract from different plant parts of this plant including leaves, fruits and roots contains various type of bioactive compounds such as flavonoids, alkaloids, terpenoids, lignin, coumrin and tannin which each of them serve for a particular pharmacological properties like antimicrobial, antibacterial, antioxidant and also antidiabetic properties [7] . Hence, making P. niruri is a potential material for pharmaceutical industries. The trend in the screening of medicinal plants for antidiabetic activity has increased, as it is important to discover novel effective drugs for the disease [8] .
Various mechanisms in managing DM have been investigated, including retardation of activity of carbohydrate hydrolyzing enzymes [9, 10] . Both α-amylase and α-glucosidase are enzymes that responsible for carbohydrate digestion in human body where α-amylase hydrolyzed the complex dietary carbohydrate, meanwhile α-glucosidase helps in glucose absorption from the small intestine to the blood stream [1, 3] . The interference of enzymatic activity of both α-amylase and α-glucosidase would delay carbohydrates digestion which will contributes to lowered postprandial blood glucose level due to reduced rate of glucose absorption. In this study the inhibitory action of protein extracts from different plant parts of P. niruri were evaluated against α-amylase and α-glucosidase activity.
MATERIALS AND METHODS

Plant materials and protein extraction
The whole plant of Phyllanthus niruri was freshly collected from Taman Pertanian Jubli Perak Sultan Ahmad Shah, Kuantan. The plant was rinsed and separated into different plant parts (leaves, fruits and stems). Each plant part was analyzed in triplicate. Total soluble protein from different plant parts of P. niruri was extracted according to trichloroacetic acid (TCA)/acetone method [11] . Approximately, one gram of each plant part of P. niruri was ground in liquid nitrogen to a fine powder using mortar and pestle and then incubated in acetone containing 10% TCA (w/v) and 1% dithiothreitol (DTT) (w/v) for overnight at -20°C. The mixture was then centrifuged at 25, 000 x g at 4°C for 20 minutes. The pellet obtained was then washed three times by suspension in acetone containing 1% (w/v) DTT and stored for 1 hour at -20°C. After that, the mixture was centrifuged at 25, 000 x g at 4°C for 20 minutes and the pellet obtained was vacuum dried. Then, 2 ml of rehydration buffer comprising 8 M urea, 20 mM DTT, 4% (w/v) CHAPS and 2% (v/v) ampholyte (pH 3-10) was added to the vacuum dried pellet. The mixture was vortexed briefly and then stored at -20°C for 1 hour before being centrifuged at 25, 000 x g at 4°C for 20 minutes. The supernatant was collected and the pellet was re-suspended with the rehydration buffer and further centrifuged. The pellet was discarded and the collected supernatants were combined and then stored at -80°C for further proteomics analysis.
α-amylase inhibition assay
The inhibition activity of α-amylase using protein extract was determined following method proposed and slightly modified [12, 13] . Protein extract (25 µg/ ml) was pre-mixed with 1ml of 0.02 M sodium phosphate buffer (pH 6.9 with 0.006 M sodium chloride) containing 0.5 mg/ml porcine α-amylase and incubated at 37°C for 5 minutes. After that, 1 ml of starch solution in 0.02 M sodium phosphate buffer (pH 6.9 with 0.006 M sodium chloride) was added to the mixture and further incubated at 37°C for 10 minutes. Then, the catalytic reaction was terminated by the addition of 2 ml of dinitrosalicylic acid (DNS) color reagent while boiling the mixture in the 100°C water bath for 15 minutes. The mixture was left at room temperature to cool down before diluted with distilled water (5 ml). The absorbance of the reaction mixture was measured at 540 nm by using Lambda 35 UV-Vis spectrophotometer. Acarbose was used as the positive control. Meanwhile, 95% ethanol was used as a control replacing plant extract. For blank, enzyme solution was replaced with distilled water. The α-amylase inhibitory activity was expressed as inhibition percentage and calculated as follows:
(1) A540 Control A540 Control refers to absorbance read at 540 nm with α-amylase and starch. A540 Extract refers to absorbance read at 540 nm with protein extract, α-amylase and starch.
α-glucosidase inhibition assay
The inhibitory activity of α-glucosidase using protein extract was determined following method proposed and slightly modified [12, 13] . A protein extract (250 µl) was pre-incubated with 250 µl of 1.0 M potassium phosphate buffer, pH 6.9 containing 0.1 U/ml Saccharomyces cerevisiae α-glucosidase at 37°C for 2 minutes. After that, 250 µl of p-nitrophenyl-Dglucopyranoside in 1.0 M phosphate buffer, pH 6.9 was added to the preincubated mixture and further incubated at 37°C for 30 minutes. Then, 2 ml of 0.1 M sodium carbonate (Na2CO3) solution was added to the mixture to stop the catalytic reaction. The absorbance of the mixture and also a control consisting 250 µl of distilled water in place of protein extract was measured at 405 nm using Lambda 35 UV-Vis spectrophotometer. Acarbose was used as the positive control. Meanwhile, 95% ethanol was used as a control replacing plant extract. For blank, enzyme solution was replaced with distilled water. The α-glucosidase inhibitory activity was then expressed as inhibition percentage and calculated as follows: 
Statistical analysis
All assays were performed in triplicates and the values were averaged. The data expressed in mean ± SEM. By using IBM SPSS Statistics 20 software, the homogeneity test of data was performed before proceeding to parametric test which is One Way Anova and post-hoc Tukey in order to detect the significant differences between the data of different plant parts of P. niruri. The data are considered statistically significant when the P<0.05.
RESULTS AND DISCUSSIONS
Protein extracts from different plant part of P. niruri were examined against α-glucosidase and α-amylase to see the inhibitory activity towards both enzymes. Reaction between enzyme and substrate will results in formation of products in the system. The presence of inhibitor in the reaction will eventually reduce the amount of product released. In this study, enzyme α-glucosidase was reacted with p-nitrophenyl glucopyranoside (pNPG) while α-amylase reacted with starch substrate in the presence of potential inhibitor from different plant parts of P. niruri. The amount of reducing sugar (maltose) produced at the end of reaction was then quantified spectrophotometrically and tabulated in Table 1 below. Acarbose which is a known carbohydrate hydrolyzing enzyme inhibitor was used as the positive control. Table 1 shows the liberated reducing sugar from the reaction of carbohydrate hydrolyzing enzyme inhibition assays. In α-glucosidase enzyme inhibition assay, despite the presence of stem as an inhibitor in the reaction, the amount of maltose formation were found significantly compared to the positive control, acarbose. Following that were leave and fruit. Similar patterns of reducing sugar production also can be seen in α-amylase enzyme inhibition assay. The incorporation of stem and leave that show the inhibitory activities which showed significantly high amount of reducing sugar production. On the other hand, fruit produced a significantly lowest generation of reducing sugar compared to the other two plant parts.
Generally, high reducing sugar production indicates the low inhibitory activity in the reaction and vice versa. The observation on the differences in the amount of reducing sugar generated when different plant parts of P. niruri were employed during the reaction shows that this plant has a potential to disturb the action of this α-glucosidase and α-amylase enzyme activity during carbohydrates digestion by which fruit was found to possess the highest inhibition potential, followed by leave and stem. The percentage of inhibition of each plant part against α-glucosidase and α-amylase activity was displayed in Figure 1 below. glucosidase enzyme compared to leave (62.6%) and stem (38.4%). Fruit also exhibited almost similar inhibitory percentage activity as acarbose (89.7%) which is a known carbohydrate hydrolyzing enzymes inhibitor. This finding could suggest that the effectiveness of fruit as an inhibitor for α-glucosidase might be as good as acarbose compared to leave and stem. Meanwhile, similar pattern of inhibition percentage was also obtained against α-amylase. Fruit exerted the highest inhibition percentage (64.1%), followed by leave (33.3%) and stem (18.2%).
The findings of this study displayed that the protein extract from all three plant parts of P. niruri have shown inhibitory activity towards both α-glucosidase and α-amylase enzymes. Other than that, it also can be seen that the protein extracts shared similar patterns of inhibitory activity for both α-glucosidase and α-amylase enzymes where fruit showed the highest inhibition, followed by leave and stem. This in vitro study has demonstrated that P. niruri possess higher inhibition against α-glucosidase compared to α-amylase. This result is in parallel with the characteristic of interest in finding an ideal inhibitor for carbohydrate hydrolyzing enzymes. An excessive inhibition of enzyme α-amylase in the pancreas will cause abnormal bacterial fermentation of undigested carbohydrates in the colon [1, 14, 15] . Thus, natural inhibitor with strong α-glucosidase and mild α-amylase inhibition is current interest.
CONCLUSION
In conclusion, the inhibition activity of each protein extracts from different plant parts of P. niruri toward both carbohydrates hydrolyzing enzymes; α-glucosidase and α-amylase activity were successfully studied. The similar pattern of inhibition activity by the protein extracts can be seen for both enzymes, however, differ in inhibition percentage was observed. P. niruri has shown a higher inhibition against α-glucosidase compared to α-amylase. Other than that, fruit was found to be a potent plant part of P. niruri with regard to its anti-diabetic properties since has shown the highest inhibition activity against both α-glucosidase and α-amylase enzymes.
